


I 
I 
I 
I 

i 

I 

I 

7 

/1\ 3 4  OCT BERl962 P 
/ 

' -\ 

ff  

I 

SELF-DEPLOYING SPACE STATIO& 
@ FINAL R E P 0 9  

I 

c 

and P rogram anager ?,Y 

E. A. WEBER 
Projec t  Engine,$ r 

Military Space System 

' N O R T H  A M E R I C A N  A V I A T I O  and I N F O R M A T I O N  S Y S T E M 8  DIVFSION 
/ 17 

'1 
-\ -- 



FOREWORD 

This document is the final report  to be prepared 
by the Space and Information Systems Division of North 
American Aviation, Inc. under NASA Langley Research 
Center Contract NAS1-1630, "Self-Deploying Space 
Stationff,  dated 27 October 1962. 
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INTRODUCTION 

117229 
The six-month feasiblity study of a Self-Deploying Space Station 

(SDSS) concept devised by the Langley Research  Center was initiated on 
27 October 1961. After a se r i e s  of configuration evolutions and system 
refinements by S&ID, a vehicle was designed which was  believed to r e -  
p re sen t  a feasible SDSS concept. To fur ther  substantiate the feasibility 
of the design, the contract  effort was formally extended on 27 April  1962 
to include the design and construction of a l / lO-sca le  model of the 
selected SDSS vehicle configuration. 
fully automatic (i.  e .  self-deploying) and that the deployment mechanism 
be s imi la r  to that which would be used on a full-sized space station. 

It was  intended that the model be 

The Mid-Term Report ,  SID 62-191, and the Interim Report ,  SID 

- relating to the "operational" SDSS, which was conceptually established. 
62-658 ( three volumes),  both previously submitted, p resent  the analyses 

The p r i m a r y  objective of this final r epor t  is to describe those additional 
activit ies relating to the design, construction, and operation of the 1/10-  
scale  deployment model. It a l so  contains a section describing problem 
a r e a s  which should be given par t icular  consideration in the subsequent 
development of the SDSS.' The model constructed under this contract  was 
shipped to  the NASA Langley Research  Center ,  reassembled and checked 
out on 12 October 1962. 
NASA; since this was about two weeks ea r l i e r  than the established delivery 
date,  S&ID was unable to complete measurements  and functionally evaluate 
the model to the degree desired.  
measurements  and experiments a r e  included i n  this report .  I 

Delivery was expedited at special  request  of 

Consequently, a s e r i e s  of recommended 

dU7#a& 
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SUMMARY 

The Self-Deploying Space Station (SDSS), evolved through a six- 
month feasibility study, is a 150-foot-diameter , al l - r igid vehicle, which 
can be folded into a compact configuration for launch into orbi t  by a 
single Saturn C-5  (S-IC plus S-11). 
Figure 1,  is composed of six cylindrical modules arranged in  a hexagonal 
configuration. Three telescoping spokes connect the modules to a central  
hub, which is used as a docking facility for  Apollo-type personnel t rans-  
por t  vehicles. It a l so  houses a 3200-cubic-foot, zero-gravity compartment. 
Each module has  an  overal l  length of 75 feet  and i s  self-sufficient in 
posses  sing independent environmental control, life support, and power 
systems.  
module-to-module, module-to-spoke, and spoke-to-hub) further prevent 
malfunction or  accident in an  individual element f rom jeopardizing the 
ent i re  SDSS operation. 
use of current ly  avaiiable technology. 

The space station, i l lustrated in  

Airlocks a t  each major  space station element connection (i. e .  , 

The complete design of the SDSS was  based on the 

A unique hinging arrangement  enables the space station to be 
deployed f rom a folded launch configuration to  the hexagonal configuration. 
Severa l  smal l  (1/50-scale)  manually operated models were  made to 
demonstrate the concept. 
p rec i se ,  automatically deploying model would be required to substantiate 
i t s  practicabili ty.  A l / l 0 - s c a l e  model - smal l  enough to be built at a 
nominal cost ,  yet large enough to avoid the necessity for miniaturized 
components - was subsequently designed and constructed by S&ID under 
a n  extension to the basic feasibility study contract. 

However it was real ized that a l a r g e r ,  more  

In designing the model, no attempt was made to duplicate those 
aspec ts  of the SDSS not pertinent to demonstration of SDSS kinematics. 
Therefore ,  the framework of the model does not resemble the multiwall 
s t ruc ture  previously recommended for  the SDSS, and it embodies none of 
the functioning systems of the space station other than the deployment 
mechanisms. Component dimensions , hinge positions, actuator locations, 
e tc .  , were  established with low tolerances s o  a s  to yield a precise  unit 
that can be used to provide real is t ic  design pa rame te r s .  
analysis has  been conducted to establish the necessity for tolerance 
r e  s t r i c  tions . 

However, no 

The model is composed of six aluminum modules (1 foot in  diameter)  
hinged to form the desired hexagonal configuration. Three aluminum, 

- 3 -  
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F i g u r e  1. C u r r e n t  SDSS Des ign  
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two-section telescoping spokes connect a l ternate  modules with the hub irs 
in  the conceptional SDSS design. 
plate upon which is mounted the spoke actuation mechanism; a light-weight 
f iberg lass  fairing forms  the hub contour. 
used to represent  the interstage between the SDSS and the S-I1 booster 
stage.  
e l ec t r i c  hoist ,  which enables it to be ra i sed  o r  lowered for  convenient 
maintenance. The l / lO-sca le  model of the SDSS was  constructed in 
accordance with detail  design drawings and specifications produced by 
the Space and Information Systems Division. A s e r i e s  of photographs, 
showing the model in various stages of deployment, is  presented in 
F igu res  2 through 10. 

The hub is composed of a heavy s tee l  

Another f iberglass  fairing is 

The 700-pound model is supported f r o m  a tripod s t ructure  by a n  

Since analysis  indicated that prec ise  symmetry  was  required for  
successfu l  model deployment, all motions of the model components a r e  
fully and uniformly controlled. Twelve identical, e lectr ical ly  driven 
screw- jack  actuators  in the modules--two a t  each joint--provide the 
necessary "coordinated" m e d d e  motion. 
cable and pulley mechanism ensures  that all three spokes r ema in  at 
equal lengths throughout the deployment cycle. The angle between the 
spokes and a ver t ical  centerline through the hub is controlled by three 
actuators--one for each spoke--which a r e  identical to those used in the 
modules. The motors  in the electr ical  actuators  a r e  not synchronized; 
however,  they are designed to operate a t  a ra te  which will  not vary  by 
m o r e  than two percent  among all fifteen actuators  i f  the design load is 
not exceeded. 

A heavy spriiig connected to a 

The screw-jack actuators  a r e  similar to those which control the 
flaps on commercial  j e t  a i r l i ne r s .  
under subcontract to S&ID. 
imately 8 0  pounds, while the spoke actuators  c a r r y  about 830 pounds. 
Eighteen actuators  were  procured so three spa res  would be available. 
All ac tua tors  were  designed to c a r r y  1000 pounds of load, with no reduc-  
tion in  motor  speed. The duration of the operating cycle was specified 
a s  120 seconds.  Due to a n  unexpected efficiency loss  in the gear  t ra in ,  
the actuators  as originally built did not mee t  the load specifications. 
Consequently, i t  was  necessary  to place ballast  in the hub to  reduce the 
spoke actuator load to  about 500 pounds. 
to operate  satisfactorily,  i t  is  not believed to be an  optimum arrangement .  
Therefore ,  six of the actuators  a r e  being modified at the subcontractor 's  
expense t o  meet the original specifications. 

They were  designed and constructed 
The module actuators  c a r r y  a load of approx- 

While this enables the model 

The model operation i s  controlled f rom a smal l  console by a simple 
toggle switch. 
installed at appropriate locations near  the actuators ,  when it has  t raveled 

Each actuator is stopped independently by microswitches,  

- 5 -  
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F i g u r e  3. Deployment Sequence -B 
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Figure 4. Deployment Sequence -C 
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Figure  5. Deployment Sequence -D 
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F i g u r e  6. Deployment Sequence -E 
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Figure  7. Deployment Sequence -F 
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Figure  8. Deployment Sequence -G 
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Figure  9. Deployment Sequence -H 
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Figure  10. Deployment Sequence -1 
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a pre-determined distance. 
motor  a rma tu re  to prevent  over-run. 
completed, the operator  can r eve r se  the switch, permitt ing the model  to 
re-fold itself into the launch configuration in preparation for the next 
deployment cycle. 

A r eve r se  direct  cu r ren t  is applied to the 
After the deployment cycle is 

The first deployment of the model was  successfully demonstrated 
on 27 September 1962. 
accomplished by S&ID before the model was  shipped to  the NASA Langley 
Resea rch  Center on 5 October 1962. 
quately demonstrated the practicabili ty of deployment of an  al l - r igid 
self-deploying space station. The 1 /  10-scale model,  in conjunction with 
the e a r l i e r  six-month feasibility studies,  has  led to the conclusion that 
the SDSS is feasible and can be made operational in the 1966 t ime period. 

An additional sixteen deployment cycles were  

S&ID believes the model has  ade-  

To provide m o r e  detailed data for  use in the design and development 
of the deployment mechanism of a full-scale operational SDSS, i t  is sug- 
gested that several experimefits be perfornied and measureixieriia taken, 
using the model  a t  Langley Research  Center.  
be a determination of the fewest actuators  required fo r  deployment, the 
amount of asymmetry  to be tolerated before joints bind, and the actual  
loads on each actuator.  
l a te r  i n  this report .  

Of par t icular  in te res t  would 

Other experiments of in te res t  will  be descr ibed 

- 15 - 
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1. TECHNICAL DISCUSSION 

MECHANICAL DESIGN 

A 1 / 10- scale model of the recommended SDSS configuration was 

Close 
designed and fabricated to demonstrate the general  feasibility of the kine- 
matic concept and to investigate deployment system 'problems.  
coordination with NASA was maintained throughout the program to ensure 
that the model design would be appropriate for the intended purpose. 
Emphasis  throughout the design and fabrication program was on obtainin? 
and operationally suitable model a t  minimum cost. Design, construction, 
checkout and delivery of the model were the responsibility of the contractor ,  
L L I I U  2 - A  x n n v n  " * V * Y  c o ~ ~ p l e t e d  sched.de. 

REQUIREMENTS 

The requirements  adopted for  the model may be divided into three 
catagories:  design, environmental, and operational. Some were  funda- 
mentally necessary ,  some were dictated by the intended purpose of the 
model, and some were a rb i t r a r i l y  selected for pract ical  considerations.  
A listing by category, along with pertinent 'comments regarding their  
philosophy and implications, i s  presented in the following paragiaphs.  

Design Requirements 

All p r imary  s t ructural  and functional par t s  were constructed of metal  
a s  specifically requested by NASA. 
stability of metal  construction were considered to justify higher cost .  

Increased durability and dimensional 

External  geometry of the hub, spokes,  and r im  modules was designed 
This was considered necessary f o r  the demonstration of physical to scale .  

c learances .  

P r i m a r y  kinematics - hinge locations and t ravels  - were designed to 
Pre l iminary  investigation showed this was possible if weights were  sca le .  

not allowed to become excessive,  and i t  i s  obviously desirable  f o r  the 
intended purpose of the model. 

- 17 - 
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Internal s t ructure  and mechanical elements were  not designed to 
sca le ,  but were applicable in principal to  ful l -scale  design where pract ical .  
The preliminary status of the full- scale design, plus environmental  differ-  
ence s and scaling effects, dictate this requirement .  

A minimum ultimate s t rength safety factor  of two was established. 
This was a rb i t ra r i ly  chosen a s  a suitable margin  of safety.  

Environmental Re quire me nts 

The model must  operate under normal  gravity environment. Although 
undesirably different f rom the zero-gravi ty  deployment requirement  of the 
full-scale space station, this i s  obviously required f o r  the model as  
conceived. 

The model must  operate a t  room tempera tures  and p r e s s u r e s .  
Demonstration o r  testing of temperature  ex t r emes ,  vacuum, o r  corpuscular  
conditions of space were  not, by definition, within the scope of the model 
program.  
tory conditions. 

Intended use of the model by NASA was l imited to indoor labora-  

Ope rational Requirements 

The model is  required to be self-deploying and self-folding, with 
single-point overhead suspension. 
was best  suited to the intended purposes of the model. 
cables to minimize actuation requirements  and partially compensate gravity 
would benefit the actuation system design, but would resul t  in reduced 
demonstration value. 

NASA agreed this manner of operation 
External "puppet" 

Operating time must  be reasonable.  The main considerations were  
actuation requirements and use of the model for  demonstration. 
long cycle t imes would likely de t rac t  f rom the demonstration value; exces-  
sively short  t imes would resul t  in a highly imprac t ica l  actuation sys tem 
requirement.  
of 1 to 5 minutes a s  reasonable;  the final choice was 2 minutes.  
operating t ime fo r  the full-scale station has  not been established, but cycle 
t imes  a s  long a s  30 minutes might prove optimum. F r o m  the standpoint of 
visual s imilar i ty ,  

Excessively 

Pre l iminary  investigations resul ted in acceptance of a range 
An 

time scaling proportional to dimensional scaling would 
apply 

No sealing, locking, pressurizat ion,  o r  dynamic (spin) provisions a r e  
required.  
the scope of the model program.  

These aspects  of the full-scale station w e r e ,  by definition, outside 

- 18 - 
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ANALYSIS 

A general  analysis of the kinematics involved and the actuations 
requi red  is presented below. 
i s  included in the section on design. 

Detailed analysis of the sys tems employed 

Kine matics  

The kinematics of the concept involves five se t s  of art iculations:  the 
rim-hinge rotations (twelve) ; the spoke inboard-hinge rotations (three);  the 
spoke outboard-hinge rotations ( three) ;  the spoke-to-rim swivels ( three) ;  
and the spoke extensions ( three) .  The f i r s t  four s e t s  comprise  two kine- 
mat ic  identities - that i s ,  the rim-hinge rotations and spoke-to-rim 
swivels have identical in-phase motions, and the spoke inboard and outboard 
hinges have identical in-phase motions. Thus,  there  a r e  only three 
independent motions involved in the kinematics:  

1. The rim-module rotation 

2. The spoke rotation 

3. The spoke extension 

Quantitative insight into the relationship between these three motions 
can  be obtained by relating them to the travel of a common point in the 
system. 
nizably two separate  physical s t ruc tures ,  the interconnecting point between 
them (the spoke outboard-hinge point) is a logical choice. 
segment need be considered, a s  the kinematics is  hexagonally anti-  
symmetr ical .  ) 
point f r o m  the center  l ine.  

Because the r im-element  ring and the spoke cluster  a r e  recog- 

(Only a one-third 

The condition of identity is  the horizontal t ravel  of this 

In defining the relationship of the three basic  motions, three geometric 
anomalies of the system mus t  be  noted: 

1. The kinematic center  l ines of the spoke and r i m  modules (l ines 
between hinges) a r e  not paral le l  to their  goemetr ic  center l ines .  
Thus,  although the geometric center line t rave ls  a r e  0 to ~ r / 2  
functions, the kinematic center l ines  a r e  not. 

2. The kinematic center line t ravels  of the spoke and r im modules 
a r e  out of phase with each other by approximately 11. 1 degrees .  
The rim motion is leading. 

3. The spoke extension motion is along its geometr ic ,  ra ther  than 
kinematic,  center  l ines.  

- 19 - 
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The resulting functions necessary  to define the three  motions a r e  
these : 

d = horizontal t rave l  of spoke - r i m  joint 

Q = Rim geometrical  - center  l ines angle f rom ver t ica l  

Q' = Rim kinematic - center  l ines  angle f r o m  vert ical  

B = Spoke geometrical  - center  l ines  angle f rom vert ical  

B '  = Spoke kinematic - center  l ines angle f rom vert ical  

e = Spoke extension 

e = horizontal component of spoke extension 

Plots  of a ,  B ,  and e v .  s .  d for  the two extreme modes of spoke angle 

h 

extension a r e  shown in Figure 11; 
of spoke and r im  angles equal a r e  shown in F igure  1 2 .  

plots for  the special  intermediate case  

F r o m  an examination of these plots,  the relationships a r e  seen to be 
generally nonlinear,  but with one degree of f reedom which permi ts  an 
a rb i t r a ry  variation of their  relationship, such that, for  one par t icular  
variation(Figure 12),  the spoke and r im  module rotations can be l inear  and 
equal. 

Actuation 

Synchronized actuation of a t  l eas t  one art iculation of each of the three 
basic motions i s  necessary  f o r  self -deployment, which can be understood 
f rom the following considerations:  

A condition of ze ro  mechanical advantage of both the spoke rotation 
and telescoping motions over the r i m  rotation exis ts  nea r  the full deployed 
position, such that only actuation of r i m  hinges o r  rim-to-spoke swivels 
can complete the r i m  rotation motion. 

A condition of ze ro  mechanical advantage of the r i m  rotation and 
spoke telescoping motions over the spoke rotation is approached at the ful l  
deployed position, such that only actuation of the spoke inboard o r  outboard 
hinges can complete the spoke rotation motion. 
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A condition ot z e r o  mechanical advantage of the spoke rotation and 
rim rotation motions over the spoke extension exists a t  the fully re t racted 
position, such that only by actuation of the spoke extension can  i ts  motion 
be controlled. 

Internal instability of the six r i m  modules due to torsional f reedom 
inherent in the hinge link system requi res  that the r im  moaule hinge a r t icu-  
lations ( O r  al ternately,  the three  r im-to-  spoke swivel art iculations) be 
synchronized in all positions. If synchronization of the r im-to-  spoke 
swivels were  employed, synchronization of the spoke outboard hinges near  
the re t rac ted  position would be required fo r  complete stability. 

Relatively low equalizing leverage is evident for  both the spoke- 
Self -energized rotation and spoke-extension motions in all positions. 

binding , below a cr i t ica l  threshold value,  s imi la r  to  the binding of a 
d rawer ,  would resul t  in stalling of the sys tem,  or  s t ructural  fa i lure .  The 
c r i t i ca l  threshold depends on the s t ructural  st iffness,  articulation friction, 
and mechanical leverage of the system, and would be determined accurately 
only by actual tes t .  
synchronization of these motions. 

The problem can be avoided by assuming the need of 

The actuation system selected for  the model incorporates:  synchro- 
nized actuation of all twelve rim hinges, synchronized actuation of the three 
inboard spoke hinges, positive control of the spoke extension f rom the 
re t rac ted  to approximately mid-deployment position, and synchronization 
of the spoke extension in all positions. F r o m  investigations to date,  it  is  
believed that this is a l so  representative of the type of actuation provisions 
requi red  in the full-scale station. 

DESIGN 

Significant aspec ts  of the design procedure,  including the important 
a l te rna tes  considered, the designs selected,  the reasons fo r  selection, and 
supporting data ,  a r e  presented in the following paragraphs.  

Structural  and Mechanical 

Initial i terat ions between types of s t ruc ture ,  associated weight, and 
result ing actuator loads were  performed to establish a design base point. 
Simple thick-walled tube construction was discarded in favor of thin-walled 
monocoque design because of excessive spoke actuator loads. The selected 
base point s t ructure  and weight breakdown a r e  shown in F igures  1 3 ,  14, and 
15. 
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SUPPORT WEBS (6) 

FITTINGS (HINGE, 

RINGS 

ACT, ETC) 

I- 3 d . 5 3 -  

ITEM POUND WEIGHT 

CENTER TUBE (0.032 AL) 0.032 X 15 X 7r X 25.4 XO.l  = 

OUTERSKlN(O.O32AL)O.O32X(r)X n X 1 3 . 4 + 2 0 X r X 1 2 ) X O . l  = 

SUPPOXTWEBS(0.032AL)O.O32X(8X12+9X6)XO.l  X 6 =  

FRAME (0.040 AL) 0.040 X 5 X 17.5 X T X 0.1 = 

BULKHEAD (2) (0.032 A 4  0.032 X 8.22 X n X 0.1 X 2 = 

RINGS(O.l ALANGLES)0.1 X 1 . 5 X 7 2 X r  XO.l = 

FITTINGS (13@ 0.35 LB EA) 

MISCELLANEOUS (STIFFENERS, ETC) 

TOTAL 

Figure 1 3 .  Prel iminary Weight Est imate  - Hub 

- 2 4 -  
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ACTUATOR 
BRACKET 

REINFORCING RINGS 

HINGE- 

ITEM 

TUBE (0.032 ALUM .) 
12 X n  X82.5 XO.032 XO.l 

RINGS (0.125 X0.8 X 0.8 ANGLES) (4) 
0.125 x 1.5 x 11.5 x 7r x 0.1 x 4 

ACTUATOR BRACKET (0.18 ALUM. CHANNEL) (2) 
0 . 1 8 X 3 X 6 X O . l  X 2  

HINGE BRACKETS (0.18 ALUM. CHANNEL) (2) 
0 . 1 8 X 7 X 6 X O . l  X 2  

HINGE (ALUM. WELDMENT) 
0 . 1 8 X 4 X 3 X O . l  =0.22 
0 . 4 X 1  X 7 X 0 . 1  = 0.28 
0.5 X 0.75 X 2.5 X 0.1 = 0.10 
0.25 X 2 X 3 X 0.1 =0.15 
0.1 X4.5X4.2XO.l  =0.19 

SUBTOTAL 

ACTUATOR (2) 
O B 2  X n  X 3 XO.l 
0J2 X n  X 3.5 X0.3 

~ 0 . 6 0  
~ 2 . 1 0  
= 1.20 0.52 x 7r x 5 x 0.3 

SUBTOTAL 3.9 x 2 

TOTAL SEGMENT WEIGHT 

HINGE BRACKETS 

WEIGHT (LB) 

10 .o 

2.7 

0.7 

1.5 

1 .o 

7.8 

23.7 

Figure 14. Pre l iminary  Weight Estimate - Module 
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ITEh4 

OUTBOARD SECTION 

SKIN (3) (0.040 ALUM .) 6 X n  X 30.5 X 0.040 X 0.1 
TRACK(3) (0.1 1EE)O.l X 2 . 3 X 2 8 X O . l  X 3  
FRAME (6) (0.1 S T R l q  0.1 X 0 . 8  X 12 XO. l  X 6  
RING (2) (0.1 X 0.8 X 0.8 ANGLE) 0.1 X 1 .5 X 4.7 X A X 0.1 X 2 
HINGEBRACKET (2) ( 0 . 1 5 A L U M . ) 0 . 1 5 X 3 X 3 X O . I  X 2  
HINGE SWIVEL (ALUM.) 1 .252 X A X  0.1 

SWIVEL SHAFT (STEEL) 
SWIVEL SUPPORT (ALUM.) 0.063 X 5 X 6  XO.1 
FAIRING (ALUM.) 0.063 X 32 X n X 0.1 

2 
(0.125 X 1.4 X n X 4) + (2 X 2 X 2.2 - 0.75 X n X 2.2) X0.3 

SUBTOTAL 

INBOARD SECTION 

TUBES ( 0 . a  ALUM.) 0.06 X 6  X ?r X 35 XO. l  
HINGERING ( O . l O A L U M . ) O . l O X ( 6 X n + 9 ) X 4 . 0 X O . ~  
U T C  H 0 .8 X 1 .7 X 0 ,7 X 2 X 0 . I  + 0.1 X 0.4 X A X 6 ,3 X 0.3 
ACTUATOR (SAME AS RIM HINGE) 
ROLLER SUPPORT RING (STEEL) (2) 0.25 X 5.8 X n X 2.5 X 0 . 3  X 2 
ROLLER (6)(ALUM.) 0 .3 X2.5 X 1 .5 XO.l X 6  

SUBTOTAL 

TCTAL SPCKE (EACH) 

F i g u r e  15. Preliminary Weight  Estimate - Spoke 
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Figure  17. R im Angle, Spoke Angle, and Spoke Extension Versus 
Actuator Trave l  

- 29 - 

SID 62-1302 



N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

200 

180 

160 

140 

120 

h m 
J 
Y 

2 100 

3 

80 

60 

40 

20 

C 

I 
- 

- 

SPRING LOAD - 

- 

IDEAL SPRING LOAD 
(EXTENSION MOTION 
GRAVITY COMPONENT) 

0 1 2 3 4 5 6 7 0 

SPRING DEFLECTION (IN.) 

90 85 80 70 60 45-0 

SPOKE ANGULAR TRAVEL (DEG) 
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presented f o r  reference in  F igures  19 and 20. F igure  21 shows the over-al l  
kinematics and tabulates the actuation loads at intervals  through the t ravel .  
F ina l  physical details  of the actuation system a r e  as depicted in the working 
drawings.  

A counter-balancing sys tem to offset high spoke actuator loads 
result ing f r o m  the effects of gravity was recognized to be desirable .  
Counterbalancing of the gravity effects is a l so  desirable  f r o m  the standpoint 
of c lose r  simulation of gravity-free deployment of a real station. A cable 
sys tem,  contained within the envelope of the hub, and utilizing the model 's  
own weight for  the balancing function, was devised and incorporated in the 
model design. 

The cable system supports the model a t  a point on each spoke, with 
the r i m  m a s s  outboard counterbalanced by the hub m a s s  inboard, so that,  
in principal,  the spokes become balanced beams. Loads,  with and without 
this system fo r  a range of hub weights a r e  included in F igure  21 f o r  com- 
par i son ,  
hub - we i g ht . 

Optimum counterbalancing is seen to require  a relatively high 

A s  a r e su l t  of the counterbalancing requirement ,  minimal hub weight 
was not an important fac tor  in the design. Advantage was taken of this 
circumstance by building the basic hub of a "boiler plate" cdnstruction, 
result ing in  minimum cost and complexity, and maximum accessibil i ty to 
the mechanism it houses.  External  hub geometry is  provided by a readily 
removable non-structural  cover .  

Design of the spoke and r i m  hinges,  and the spoke to r i m  swivel, did 
not present  any par t icular  problems. Loads a r e  sma l l ,  with hinge-pin 
s i zes  being selected by pract ical  considerations,  r a the r  than their  strength.  
Plain bear ings a r e  used, with the provisions of replaceable bushings, if 
wear  should prove a factor .  
of aluminum fo r  minimum weight. 
vide equalized motion of each joint about i t s  two hinges is required on the 
r i m  hinge -link. 

Fit t ings,  machined f o r  accuracy,  a r e  generally 
A post to  a t tach the actuators  and pro-  

The spoke extension is guided by two se t s  of three r o l l e r s ,  mounted 

The splined action provided by the t racks  
The t racks  a r e  provided in a 

The ro l l e r s  

on the inboard (outer)  spoke section, and running in three t r acks  on the 
outboard ( inner)  spoke section. 
is necessary  to the deployment kinematics.  
simple manner  by six s t r ip s  riveted to the basic spoke tube. 
a r e  mounted in six identical fittings, so  ar ranged  as to be adjustable in and 
out by shimming, for  good fi t .  
accessible  sea l  design and is  considered representat ive of the system 
requi red  on the full scale  station. 

This arrangement  provides fo r  a n  internally 
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d = 71 .OW SINa' 

Figure  19. Spoke/Rim Kinematics 
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were  determined and submitted to a subcon- 
t rac tor  for  detail design. 
use of identical actuators  (spoke and r i m  hinges) at a l l  locations. Maximum 
actuator load occurs  a t  the spoke locations,  being approximately 550 pounds 
tension f o r  500 pounds hub weight (F igure  11). 
maximum load in the o rde r  of 100 pounds axial force  a t  the r i m  locations,  
if properly adjusted. No significant actuator compression loads were  found 
to exis t .  Conservatively, 1000 pounds tension and 200 pounds compression 
were  specified a s  the design operating loads.  
s ize  and operating t ime resul ted in a final operating selection of two 
minutes.  
required synchronization, so  dynamic braking has  been incorporated.  The 
final actuator design in drawing 627W52A, which is included in the appendix. 

Kinematic pract ical  considerations dictated the 

Calculations indicate a 

Trade  offs between motor  

The motor employed was found to requi re  braking to maintain 

E le c t r ic  a1 

The electr ic  motor drive actuators  and the control console a r e  the 
major  design consideration of the electr ical  system. 
were  designed and fabricated by the Consolidated Controls Company, while 
the design and construction of the control console were  achieved by the 
contractor .  

The electr ic  actuators  

Elec t r ica l  Motor 

The design requirements  for the electr ical  motor driven actuators  
a r e  discussed in  the preceeding section. 
ing selected actuator motor  a r e  tabulated a s  follows: 

The charac te r i s t ics  of the resu l t -  

Actual available space in the s t ruc ture  of the model elements placed 
cer ta in  limitations on minimum motor voltage. 
regime was selected to present  a satisfactory motor envelope size for  the 
g rea t  amount of work to  be done. 

The 200-plus volt operating 

Motor data i s  as follows: 

34, 4 wire ,  400 cps 

0 . 0 9  hp 507’0 eff 

@ 200 volts line 

+A = 1 . 1  amp ,  41w 
+B = 1.08 amp ,  39w 
+C = 1.08 amp,  38w 

line cu r ren t  = 2 amp  s t a r t  

T = 4 oz in.  s t a r t  
T = 3 . 9 2  o z  in.  run 
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k 

F i g u r e  21, Overall Final K i n e m a t i c s  
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powered f r o m  a d-c supply added within the contactor enclosure.  
were  60 - , 208v solenoids. 
schedule of a 400 - unit. ) Eighty-three volts a r e  developed a c r o s s  the filter 
capacitor until the deploy o r  r e t r ac t  re lay i s  energized.  There is  then 
a drop to approximately fifty-four volts until the solenoid plunger moves suf- 
ficiently to break an  auxiliary contact shunting a 90 Q limiting r e s i s to r .  

(They 
The modification was dictated by delivery 

At  this t ime the voltage drops again to about 25 where i t  remains until 
the control (deploy o r  r e t r ac t )  re lay i s  deenergized. The limiting 
r e s i s to r  maintains the wattage in the solenoid a t  a conservative level. 

A neon lamp and a phase sensitive relay a r e  connected between the 
c i rcu i t  b reaker  and the contactor. The lamp indicates 341 power i s  present ,  
and the re lay  requires  power on all three phases in the proper  sequence and 
magnitude (* lo  percent)  to energize.  If this re lay does not energize,  no dc 
relays can be energized. This ensures  that source power will have the 
proper  charac te r i s t ics ,  i .  e .  , prevents a possible phase r eve r sa l  f rom 
driving the rriotors against  l imit  switches w-hich a r e  iiot sensitive to that 
direction of travel.  

The common of two twelve-volt bat ter ies  in  s e r i e s  i s  connected to 
chass i s  o r  power ground together with the 34neutral  line. 
selected on the basis  of availability, cost ,  and cu r ren t  capacity. Approxi- 
mately 55 amperes  a r e  required for about two seconds during motor 
stopping. 

Bat ter ies  were  

The most  negative terminal  of the two bat ter ies  i s  the re turn  for a l l  the 
dc relays (including time delay relays) .  
nected to the power switch. 
volts to a me te r  intended to give a rough indication of battery condition. 
me te r  should never drop below twenty-two volts. 
connected f rom P 1-A to P 2-A to ensure that power cannot be routed to the 
model unless a l l  circuits (especially l imit)  a r e  closed. 

The most  positive te rmina l  i s  con- 
Closing the power switch applies twenty-four 

The 
An interlock jumper  i s  

If the power switch is  closed, P 1  and P 2  a r e  installed,  and the phase 
sensitive re lay  i s  energized; the control switch is effective in  the r e t r ac t  
position. It i s  not effective in  the deploy position until a lockout relay 
becomes energized. This is done by placing the control switch in 
the r e t r a c t  position until the model i s  fully re t rac ted ,  and a l l  t ime delay 
re lays  have relaxed (approximately two seconds af ter  striking the respective 
limit switch). The advanced and r e t r ac t  relays determine whether 
the upper (deployed) l imit  o r  lower ( re t rac ted)  l imit  switches will be 
energized,  and i t  isolates them from each other.  
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Placing the control switch in the deploy position will allow cu r ren t  to 
pass  through the contactor auxiliary contact,  which prevents energizing a 
contactor solenoid until the other  solenoid's plunger is c lear  of a mechani- 
cal  interlock. 
cur ren t  can continue through contacts of the lockout relay to the DEPLOY 
relay coil .  

(This feature  is included for both deploy and r e t r a c t ) .  The 

Once energized, the deploy relay latches in through its  own contacts 
until ei ther the control o r  power switch i s  turned off. Deploy relay contact 
applies power through the upper (deployed) l imit  switches to the control 
relay which in turn actuates the t ime-delay re lay ,  then, drops out the lock- 
out re lay.  Another s e t  of deploy contacts energizes  the F contactor solenoid 
which routes 3+ power to the energized-control re lay  and then to the motors. 
After approximately 2 minutes,  the actuators  have changed length i .  e .  , 
become short  enough to  cause the switch to contact a s t r iker  which 
depresses  the switch plunger. This actuates the switch and removes  power 
f rom the control re lay associated with that switch. 
relay removes a -c  power f r o m  the motor  and dc power f rom the time delay 
associated with that control relay.  

Relaxing the control 

Although pow-r has  been removed f rom the time delay, the contacts 
During this t ime 12 VCD is will not re lax fo r  approximately two seconds.  

routed through the actuated t ime-delay contacts and through the relaxed- 
control re lay contacts to the motor dc dynamic braking. 

One battery i s  loaded with 8 motors  and the other with 7 .  Twelve 

After a l l  motors  have stopped, returning the control switch to 
volts a t  about 6 .  55 amps  should stop motor rotation in approximately one 
second. 
O F F  will re lax  the deploy relay,  which in turn ,  will remove power f rom the 
contactor solenoid. 
the phase-rotation, indicating lamp.  

At this time the only bat tery drain is the dc me te r  and 

Diodes were  added, where pract ical ,  a c r o s s  the relays and motors  
to reduce noise to other systems and to prolong contact l i fe .  

The required power source for  operation of the control console is 
tabulated below: 

220/115 VAC, 4 wire  Y ( s t a r ,  400 cycle pe r  second, lOKVA minimum) 

2 batteries each 1 2  VDC. Delco-571 o r  equivalent. 
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STRUCTURAL ANALYSIS 

The 1/ 10 scale  model of the space station is a functionalunit to demon- 
s t ra te  the packaging and deployment concept of the full-size Self-Deploying 
Space Station. The model is designed to deploy and package automatically by 
use  of fifteen mechanical actuators .  There  a r e  two actuators  at each module 
joint and three spoke actuators  at the central  hub. Two additional s t ructural  
joints nea r  the end of each module were  incorporated into the design to 
provide for  a change in the hinge and actuating system, in the event the in- 
stallation of another system i s  desired.  

The data in th i s  section present  a n  analysis  of the loads 
developed on the model in a 1-g environment when oriented with the base of 
the hub paral le l  to the floor. 
c r i t e r i a ,  estimated component weights, a free-body diagram showing the 
applied loads and reactions and points of application, a summary  of the loads 
calculated,  and an analysis of the effect of adding bal las t  to the central  hub. 

Included are an analysis of the design-loads 

DESIGN LOADS CRITERIA 

The design loads for the model a r e  developed by the spoke actuators  
lifting the modules a t  1-g into their deployed position, 
components was determined by selecting an  a r b i t r a r y  load factor of 1. 7 to 
account for  dynamic effects. The s izes  of the s t ruc tura l  components were 
then determined by using a safety factor of 1.  5 on l imit  load,  and comparing 
s t r e s s e s  for the ultimate loads with the allowable ultimate s t rength of the 
ma te r i a l .  

The l imit  load on the 

METHOD O F  ANALYSIS 

The loads analysis consists f i r s t  in defining the kinematics geometry. 
This was determined f rom the three mechanisms comprising the spokes 
actuation, module actuation, and the telescoping spoke mechanism.  All 
actuators  a r e  synchronized so  they a r e  of the same length a t  the s a m e  time 
during operation. The analysis was made by varying the spoke angles,  8, a t  
10" intervals  and solving for the actuator lengths. 
lengths ,  the rotation of the r i m  modules and the distances f rom the hub ten- 
t e r  line a r e  determined. 
determined f r o m  the distances f rom the hub center  l ine.  

F r o m  the actuator 

The telescoping effects of the spoke a r e  now 

After  the kinematics geometry is defined, the interacting loads may be 
determined. One-g conditions were  used to develop the interacting loads.  

- 39 - 
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The ultimate loads a r e  obtained by multiplying them by the ultimate load 
factor ,  
summation of moments about the respective hinge points to produce s ta t ic  
equilibrium. 
in  the fully deployed condition, 
cables a r e  provided to secu re  the r i m  modules and inner spoke to the spr ing 
a t  the central  hub. 
normal  component on the ro l l e r s  and tension in the suspension cables .  The 
equations used to develop the kinematic geometry of the spoke, module link 
actuating mechanism,  and telescoping spoke mechanism a r e  given on pages 
41 through 46. 
developed on pages 46 through 50. The calculation of the geometric values 
and of the magnitude of the loads a r e  presented in Tables 1 through 10.  

Spoke and module actuator loads a r e  determined by obtaining the 

The inner spoke is supported on ro l l e r s  fixed a t  the outer spoke 
When the model is packaged, suspension 

The applied load from the modules a r e  reac ted  by the 

The equations used to determine the interacting loads a r e  

WEIGHT STATEMENT 

Estimated weights were  used in determining the l g  static loading 
conditions. 
obtained from the following l i s t .  

The estimated weight distribution to the spokes and modules i s  

Modules drawing Number 7103-51 

Module actuators (Assume 10 lb  each)  
Module links 71 03- 58 

Module W t 

Inner spoke wt 7 103-12 

Outer spoke 

Hub s t ructure  
Hub actuators 

71 03-  3 
7103-8 
7 103-17 

Outer Spoke Wt 

Hub Wt 

Total Weight 

- 40 - 

178. 65 l b  
12.  64 l b  

120.  00 lb  

44. 00 l b  
3. 78  
2 . 9 4  

270. 32 
30. 00 

311. 29 l b  

25. 08 l b  

50. 72 l b  

351.  04 lb  

738. 13 l b  
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SPOKE KINEMATIC GEOMETRY 

~ ~ 6 . 1 8 8  

2 -  b J% + 1.156 =7.83 IN. 

a =ARC TAN. = 1.156b.75 

a =  8" - 29 FT 

SPOKE 
AC TU AT OR 
FIXED 
POINT 

CONSIDERING THE INCREMENTAL 
SPOKE ANGLE = e = OO(FULLY DEPLOYED) 

$=a- a + @  

,€?=(51'-31 m)+e  

THUS THE ACTUATOR LENGTH MAY BE DETERMINED 
FROM THE TWO SlDES AND INCLUDED ANGLE OF THE 
OBLIQUE TRIANGLE BY USING THE LAW OF COSINES. 

a2 = b2 + c2 - 2 bc COS 8 

2 -  - 
a = 7.83 + 6.188 - 2(7.83)6.188 COS ( 8+51' -31 fl) 

2 
a = 99.72 - W . 8  COS ( 8 + 51' - 31 FT) 

MODULE KINEMATIC GEOMETRY 
LINK ACTUATOR MECHANISM 

- 2  -2 d = J10.27 + 3.375 
d = 10.81 

Y=ARC TAN. =m 3.375 

Y= 18' - 10' (DEPLOYED) 

3. 375 IN. 
n 

CONSIDERING THE INCREMENTAL 
MODULE ANGLE = d = 0 (FULLY DEPLOYED) 

b =  & + 4  
= (18" - 10') + d 
0 ~ = e ~ + d ~ - 2 e d C O S  6 

- 41  - 
SID 62-1302 

L HUB 



N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

- 2  - 2 

2 (5 .O) 10.81 
- 5.0 + 10.81 - a  

2 2 2  
COS 6 = e  +Ld-" 

2 141.9 - a 
cos = 108.1 

2 
141.9 - a :. b = ARC COS = 

4 = d - (18'- 10 FT) 

MODULE KINEMATIC GEOMETRY 
TELESCOPING SPOKE MECHANISM - A 

e = ARC TAN. = 0.25/487 

e = 2' - 56' (DEPLOYED) 

IN THE FULLY DEPLOYED GEOMETRY, 

ie: e=O;AND d=O 

THEN: f = 15 - (2' - 56 FT) = 12' - 4 FT 

FOR INCREMENTAL ANGLES BETWEEN 0' TO 90' 

5 = (12'- 4 FT) + O  

FROM THE TWO SIDES AND INCLUDED ANGLE, THE 
REMAINING SIDE "g" IS  DETERMINED 

2 -2 

2 -2 -2  

g = 6.5 + f - 2(6.5)f COS < 
g = 6.5 + 4.88 - 2(6.5)4.88 COS [ (12O - 4 FT) + 131 

g2 =66.12 - 6 3 . 4 ~ 0 ~  [e +(120 t 4 FT)] 

MODULE KINEMATIC GEOMETRY 
TELESCOPING SPOKE MECHANISM - A 

SPOKE HINGE 

PLANE NORMAL 

I 
I 
I 
I 
I 
I 
I 

1 
I 
I 
I 
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ARC LENGTH OF CABLE ON PULLEYS: 

CROSS OVER PULLEY ARC LENGTHS 
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- B - 

SPOKE PULLEY ARC LENGTH 

ARC LENGTH= ( $ +m) 15 R 

OMITTING CONSTANT ANGLE; 
ARC LENGTH = f iR  

HUB PULLEY ARC LENGTH 

TOTAL ARC LENGTH 
= (  R -  O )  R = (  t+ $) R 

THE SUM OF THE CABLE SEGMENTS ARE AS FOLLOWS: 

= 2g + g ' + R'(2 r] + 2 I) + c ) 

- 4 3  - 
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MODULE KINEMATIC GEOMETRY 
TELESCOPING SPOKE-A 

I 
0.0 

I 

d = COS 30" (82) COS (4  - T )  = 82 COS (4 - (9' - 10')) COS 39" 

d=71 COS ($-0)=71 COS ('$-(%lo- lo')) 

IN THE FULLY DEPLOYED COND: 

d = 71 COS (9" - 10') = 70.1 
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MODULE KINEMATIC GEOMETRY 
TELESCOPING SPOKE - B 
DETERMINATION OF THE CHANGE 
I N  SPOKE LENGTH "AL" 

HINGE 
POINT- 

(70.1 - dL,) COS 8 = d 2  + 1.45 SIN 8 

d 2 +  1.45 SIN 8 

cos e 70.1 - AL,= 

d2 + 1.45 SIN 8 

cos e A L s = 7 0 . 1  - 

A L s =  70.1 - d-12.79+1.45SlN 8 
cos 6 

A tS = 70.1 - 70.1 cosk+(9O - ioy]+ 1 .& SIN e - 12.79 
cos e 

d2 

POINT 

Y 

(70.1  - AL,) cose 
I L 

THE CABLE TRAVEL AT THE CENTRAL HUB 
SPRING LOCATION 

A L  = A L c -  A L s  

- 45  - 
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KINEMATIC GEOMETRY 
DISTANCES FROM SPOKE HINGE POINT 

d =d+1.76 

d2=25COS ( 1 l 0 + 8 )  
1 

d3=6.188COS(-31°+ 8 )  

d 4 =  13COS ( 1 p +  8 )  

d5 =6.5 COS (15O+ 8 ) 

hi=6.188SlN (-ao+ 0 )  

h i = 1 3 S I N ( l p +  8 ) 

h5=6.5SIN(150+ 8 )  

L I P R  E -LOADED 
LOCATION 

NORMAL DISTANCE 
TO SPOKE ACTUATOR, x: 

a -  b 
SlNP SlNfl 
-- - 

b S I N p  =; SlNB 

6.188 (7.83) SIN f l  
x =  

x =  40.5 SIN #3 
SPOKE HINGE POINT a 

& MODULE 
I w - A - A 9 4  - " - 7 .  

6 . 7  IN.+ d ,  

SPRING 

1 -I 
INTERACTING LOADS 

The spring located in  the central  hub i s  designed to a s s i s t  the modules 
and inner  spoke mechanism i n  the gravity environment. When the model i s  
in  the fully-packaged configuration, the spring should be near  i t s  maximum 
deflection, o r  extended to the provided l imit  stop. 
tions of the loads to be calculated i s  i l lustrated i n  Figure 22.  

A diagram of the posi- 

The spring i s  installed with a pre- load of 7 pounds. 

Spring Constant 

6 4 
= 19 pounds/in. 

Ed  - 11 x 10 ( . 2 0 7 )  
8 Dn 

c = - -  

8 (1. 913)319 
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t P = 7 3 8 . 1 3 L B  
8 

TOTAL WT =738.13 LE 

738 13 TOTAL W l  PER SPOKE = -j- = 269.04 LB 

SIGN CONVENTION (+) COUNTERCLOCKWISE 

HLTE MJ 'EIGHT 
(351.04 LB)  
(TOTAL) 

SPOKE 
HINGE 
POINT 

OUTER SPOKE WEIGHT 
(50.72 LB) 

311.29 P =  - 

INNER SPOKE WEIGHT 
(25.08 LB)  
(TOTAL) 

-MODULE WEIGHT 
(311.29 LB) 
(TOTAL) 

F igure  22. F r e e  Body Diagram of Structural  Components 
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Spring Deflection 

Due to 7 pound pre-load 

I 
E 
E 

P 
C 

A L  = - =  7/19 = 0.368 in. 

Due to maximum extension 

Allowable t ravel  = 8 in. 

Total deflection = 8. 368 in. 

Packaged Station Spring Load 

P = C A L  = lq(8.368) = 159 pounds 

Interacting Loads 

SPOKE ACTUATOR REACTION R 3 ,  

V , = R ~ C O S ( ~  + e )  
H ~ = R ~ S I N ( P +  e )  

4 Suspension Cable Reaction R 

V4 = SPOKE AND MODULE WT = 269.04 LB 

CABLF '.ENGTH = 34.4 k. 
ANGLE 'YITH HUB $ 

d4 + 7.85 - 3.0 
t = A R C  SIN 34.4 

T =  ARC SIN 34.4 

d4 + 4.85 

H = V 4 T A N . T  

P4 = VdCOS 7 
4 

H 3  

7 4 
- 48 - 
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5 Inner Spoke Cable Reaction R 

R5 = C(A L + 0 38) 

V5 = R5 COS A 
H 5 = R i  SIN A 

 WHERE:^ = w  - e - 9oo= w - (BO - 56 FT) 
AND w = T - t -$ 

Determination of Spoke Hinge Moment, M 
S 

- V  d + H  h + H 5 h 5  
S m + P2d2 - V4d4 5 5 4 4  M = + P d  

S 
M 

- -  
R3 - X 

Inner and Outer SDoke Reactions 

The weight of the inner  spoke i s  assumed to be uniformly distributed 
and the C G  i s  located i n  the center o r  15.34 inches f rom each end. 

Total weight of inner  spokes = 25.08 lb 

Weight of each inner spoke = - = 8. 37 lb 
25.08 

3 

Module weight distributed to each spoke 

311' 29 = 103.76 lb P =  
1 3 

[(28.42-AL s ) - 15.3451 8.  37 cos 8 

10 R =  A 

[(28.42-AL )103.76 cos @ 
S 1 

10 
t 

= 10.376 (28.42-AL ) COS 0 RA S 
1 

8.  37 
+ (103.76) 

- 49 - 
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RB = RA - (103. 76  t 8. 37) cos 0 

RB = RA - 112.1 cos 

Module Loads 

Length of one module segment: 

d + 6.7 t 7.85 d t 14.55 - _  m - - m 
.866 

L =  
cos 30" 

Hinge moment: 

Module wt L 311. 29 L 
x -  - 

2(6)  2(4) 12 8 x-- M =  
m 

M = 3 . 2 4 L  
m 

Module actuator load: 

x = S Sin Y 
m 

M R = -  
X m 

By using the equations developed in this section, the interacting loads 
on the s t ructure  were  calculated. Table 1 summar izes  the loads for  various 
values of spoke angle, 0 ,  f rom 0" to 90". 
actual calculations of the loads. 
condition of no ballast  i n  the model hub. 

Tables 2 through 10 contain the 
The calculations shown a r e  based on the 
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F4 
I 

c, 
Q) 

E 

U 
0 
Q) 

L- * -  

L P -  

m 9 h- t 

I 
I 
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u 
I 

x 
k 

Q) 

0 

CI 

E 

G 

m 

I 

lo a 

0 0 0 0 0 0 0 0 0 0  
- N m * m n s C m O .  

- 53 - 
SID 62-1320 



N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

@+a 
-12 .79  

Table 4.  Kinematic Geometry - D 

A L  = AL = 

S 
AL - A L  @ S 

COS e 5 7 . 3 1 - @  c 

57. 31 57. 31 

57. 86 58 .7  

0 0 

- 1 . 3 9  . 9 8  

5 4 . 2 1  1 5 7 . 7  I - . 3 9  1 3 . 5 5  1 
~ 

48. 54 

41. 64 

~ ~ ~ - 

56. 0 1. 31 6. 50 

54. 3 3 . 0 1  7 . 1 3  
~ 

3 3 . 4 2  

24. 87 

51. 9 5 . 4 1  7. 27 

4 9 . 7  7 .  61 7 . 4 7  

Note: The spring i s  limited to 8. 00 inches t rave l  I 

16.  17 

7. 84 

0 

EFFECTS O F  BALLAST IN THE CENTRAL HUB 

4 7 . 2  1 0 . 1 1  7 .22  

45. 1 1 2 . 2 1  7. 27 

0 :::Be 0 0  

Due to the addition of ballast  the ver t ical  reaction component of the 
suspension cable V4  wi l l  be increased as follows: 

Ballast  wt 
3 V4 = 269.04  t 

The spoke hinge moment,  MS and spoke reaction R 3  i s  determined as  
previously,  using various values of V4. 

In designing the model,  a cable support  was attached to the spoke 
causing the hub to a c t  a s  a counterbalance to reduce the load in the spoke 
actuators .  
(Figure 22)  that an increase  of the hub weight would resu l t  in a spoke 

It is evident f rom an examination of the f r ee  body d iagram 
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actuator load decrease.  
in Tables 1 thru 10  a r e  based on no additional ballast  load in the hub. 
Table 11 summar izes  the calculations for determining spoke actuator loads 
with var ious amounts of ballast in the hub. The resu l t s  of these calculations 
a r e  plotted in F igure  23 as a function of the actuator length. 
actuator load i s  a lso presented on this figure for reference.  
shows the maximum load in the spoke actuators a s  a function of the amount 
of ballast  that i s  placed in the hub. 

The calculations for the reaction loads presented 

The module 
Figure 24 

I 
I 
I 
i 
1 
1 
8 
i 
t 
1 
I 
I 
1 - 55 - 
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900 

800 

700 

600 

3oa 

20c 

1 OC 

NO BALLAST 

I - 
MODULE ACTUATOR (TENSION OR COMP) r 

c 

ACTUATOR LENGTH (IN.) 

F i g u r e  23. A c t u a t o r  Load V e r s u s  Length (lg) 
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400 
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0 
600 650 700 750 800 

MAXIMUM SPOKE ACTUATOR LOAD (LBS) 

Figure 24. Ballast Versus Maximum Spoke Actuator Load ( lg )  

, 
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FABRICATION O F  MODEL 

It became evident that if the design, strength analysis,  fabrication and 
testing of a. l / l 0 - s i z e  model of the space station were  to be accomplished 
between mid June and mid  October,  c lose coordination of all aspects  of the 
operation would be necessary.  
General  Office Orientation Group--which had extensive experience in the 
production of display models with ready access  to subcontractors fo r  non- 
flyable hardware , was selected a s  fabr icator .  Drawing re lease ,  pa r t s  
rejection and salvage were  reduced to a single relationship between the 
engineering and manufacturing elements.  

A unit within North American Aviation--The 

The tools of manufacture for  the model were  held to an aus t e re  l imit ,  
with heavy emphasis on bench layout of the actual par t s .  
component par t s  and the i r  method of fabrication a r e  shown in F igures  25 
through 32. 

Some of the various 

Final  assembly of the model was accomplished on wooden crad les  r e s t -  
ing on the flat  factory floor in the deployed position. 
constraint  as assembled was accomplished by hand fold-up of the r im  
modules and spokes,  while secured to the hub p r io r  to installation of the 
actuation system. 
switches,  were  spread on the f loor ,  and installed concurrently with the final 
assembly.  

Freedom from 

Internal w i re  harnesses  to the actuators and the i r  l imit  
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F i g u r e  26. Cage Assembly Showing Spring 
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RIGGING OF MODEL F O R  OPERATION 

Prepara t ion  of the tenth-size model of the space station f o r  powered 
operation i s  dependent on an accurate  adjustment of all l imit  switches,  
which stop joint motion a t  both the stowed and deployed configuration, and 
a l so  on installation of the deployment actuators  a t  a common length a t  all 
locations. 

Since all actuators  in  the system have the s a m e  t rave l ,  direction, and 
t ime element; and the nominal travel of actuation is seven inches,  with an  
allowed qua r t e r  inch of overtravel in either extension o r  retraction; it i s  
apparent that the elements of the model a r e  held symmetr ical  by the s imi la r  
lengths a t  which the actuators  a r e  installed; and the l imit  switches,  which 
stnp motion, control the fina.1 static relationship of the folded, o r  deployed, 
pa r t s  of the model. 

A p rec i se  length of all actuators  as assembled would be relatively 
impossible because of natural  accumulation of tolerances in the spoke and 
module attachments. Similarly,  the need for  such exactness would likely 
be  avoided, even i n  a final product for  space. 
spoke actuators  were  installed at their  t r u e  length with the system uncon- 
s t ra ined,  a f te r  which the modules were  spaced 1.10 inches a p a r t  with blocks, 
and held in  position with tension straps, while their  actuators  were  installed 
closely within the design extended length of 13 1 / 4  inches. A rim module 
actuator was not considered improperly installed a t  13 1 / 4  (plus o r  minus 
3/32 inches). With all actuators  installed, the limit switches, which control 
final stowed position, were  then set  to signal, "stowing power OFF  and 
braking power ON", approximately 1 /64 inch p r io r  to the block position. 

In the c a s e  of the model, 

With the electr ical  system checked out, the actuator lengths properly 
installed,  and the stowed position l imit  switches adjusted, the system was  
dr iven to  a deployed position and stopped by hand switch so the deployed 
position l imit  switches could then be adjusted to signal "deployed power O F F  
and braking power ON", approximately 1/64 inch p r i o r  to  the final deployed 
position. 

An explanation f o r  adjusting l imit  switches to a 1/64 inch-preload i s  
that  the r a t e  of rotation of all switch s t r iker-plates  is approximately 1 /32  
inch p e r  second, and full actuator motor-braking to  a f u l l  stop occurs  in 
about one second. Therefore ,  the average s t r ike r  plate motion, once power 
is switched f r o m  drive to braking, is approximately half the ra te  p e r  second 
o r  1/64 inch. 
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A significant point in full stop control by l imit  switches alone is the 
permanent relationship between the lengths of the actuators  and the position 
of the switches,  with the only variable existing in  the model. This prevents 
a n  accumulation of e r r o r  which could otherwise lead  to unsymmetr iczl  posi-  
tions of the moving par t s .  

Spokes in the model must  coordinate with the r im modules in angular 
t ravel  and extension. This function is controlled by a cable system identi- 
cally situated in each spoke, and it i s  adjustable to a properly rigged posi-  
tion by means  of a threaded stud located in  the inboard end of the spoke to 
module hinge interface (F igure  32). 

The threaded stud i s  not accessible  fo r  adjustment to the r ig  dimension 
shown in Drawing 7103-56, if  the model is assembled because the module 
covers  the location a t  the outer spoke joint when deployed. 
satisfactory means of adjusting the cable lengths to the rig measurement  
af ter  deployment of the assembled unit is to lower the deployed model to 
ground supports and disconnect the r im modules f rom the three  spokes 
which will then permit  exposure of the adjusting studs.  

The only I 
I 
1 
I 
I 
I 
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TESTING O F  MODEL 

Structural  testing of the model during construction was not considered 
necessary 'because  conservative strength margins  were  imposed during 
design. 
degrees  p e r  second would allow ample t ime to stop the model by means  of a 
hand over r ide  switch should an actuator fail to coordinate with the system 
and begin t:, impose bending loads on the model. 
reveal such a failure.  

Fu r the rmore ,  i t  appeared that a model-joint ra te  of .motion of 3 / 4  

Visual inspection would 

Cable assembl ies ,  all of which support dead weight of all o r  par t s  of 
the model ,  were  proof loaded to 60 percent of the rated breaking strength of 
the cable according to the design standards of S&ID and MIL-C-5688(FA6-1). 

Actuator specification requirements were established by 
S & D .  These requirements  included 1000 pound maximum axial 
force  with a maximum variable between units of 2 percent in t ime o r  t ravel .  
A life cycle of 200 complete operational excursions was imposed on the 
actuator  design. A five-minute interval was  allowed f o r  motor  cooling 
between each direction of s t roke.  

The supplier selected to design and manufacture the model actuators  
The tes t  constructed a load cell  suspended in a f r a m e  to qualify the units. 

f ixture  (F igure  33) consis ts  of a hydraulic s t ru t  that imposes a load directly 
on the f r e e  end of the operating specimen actuator a s  hydraulic p re s su re  is  
unloaded f rom the s t ru t  by means of a hand valve. 
loaded column about the pin joint between the hydraulic s t ru t  and the 
actuator  being tested is maintained by a ca r r i age  that guides the s t ru t  along 
fixed tubular t racks .  

Axial alignment of the 

Actuator qualification commenced concurrently with the final assembly 
of the model. 
apparent that the units would operate a t  the required 1000-pound axial load, 
but that the motors  would become desynchronized a t  about 450 pound fo rce ,  
o r  half of the requirement.  

Ear ly  tes t s  of the actuators  against the load cell  made it 

The behavior of the motors  above 450 pound axial force  was  shown by 
testing to be similar to  the behavidr of induction motors  in that a gradual 
increase  in force  produced a gradual decrease  in speed. 
speed reduction were  taken because the deployment system could not operate 
with any of the several  actuators unlocked f rom the power cycle. 

No recordings of 
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Time Remarks 

The actuators were  conditionally accepted f rom the supplier by S&ID in 
spite of the i r  inability to qualify to the specification because it was  assumed 
that they would operate sufficiently well to meet  scheduled model demonstra-  
tion commitments.  

The model delivered to LRC included actuators  that have been rejected 
-by S&ID and are subject to  rework when the method of improvement is 
e s tabli s hed. 

The supplier is conducting a tes t  p rogram on a single unit. This unit 
is being redesigned and reworked to improve dr ive efficiency to  meet  the 
spec if ic a t  ion. 

Table 12 is a log of the operation of the model with notations on 
malfunctions. 

Table 12. Model Operation 

9 -20 

9-21 

9 -24 

9 -25 

9 -26 

9 -27 

9 -28 

10: 00 AM 

3:OO PM 

3:15 P M  

1 1 : O O  AM 

9:30 AM 

6 : O O  PM 

2 4 5  PM 

3:lO PM 

9:30 AM 

4:30 PM 

Deployed satisfactorily;  b roke one spoke actuator 
during foldup; s t ruc tura l  interference with body 
end of actuator: folded satisfactorily a f te r  
c o r r e c  t ion 

Deployed and folded satisfactorily 

Deployed satisfactorily;  broke spoke actuator dur  - 
ing foldup; s t ructural  interference with l a r g e r  
screw on jack end of actuator;  folded satisfactorily 
a f te r  correct ion 

Deployed and folded satisfactorily 

Deployed and folded satisfactorily 

Deployed and folded satisfactorily 

Deployed and folded satisfactorily 

Deployed and folded satisfactorily 

Deployed and folded satisfactorily 

Deployed and folded satisfactorily 
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Table 12. Model Operation (Cont) 

Date 

10 -1  

10 -2  

10-3  

10 -12  

Time 

1 1 : O O  AM 

2:OO PM 

5 : O O  PM 

1:00 PM 

5 : O O  PM 

11: 15 AM 

9:30 AM 

11:30 AM 

Remarks 
~ 

Deployed and folded satisfactorily 

Deployed and folded satisfactorily 

Faulty re lay prevented deployment; 
re lay was  replaced 

no motion; 

Deployed 10  degrees  before it became evident that 
actuator at  location M9 did not function; inspection 
revealed that motor  was in operation but final 
gear  in t r a in  had slipped to disengagement; 
actuator  was replaced 

Deployed and folded satisfactorily 

Deployed and folded satisfactorily 

Deployed and folded satisfactorily 

Deployed and folded satisfactorily 
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N O R T H  A M E R I C A N  AVIATION,  INC.  SPACE and INFORMATION S Y S T E M S  DIVISION 

MODEL OPERA .TING PROCEDURE 

In accordance with the design of the model control system, the follow- 
ing sequence is presented to  guide operating personnel: 

1. Turn  on the power switch. 
and 27 vdc and both indicator lamps adjacent to  the me te r  should 
be lit. 

The meter should read between 23 

2. Place the control switch in the re t rac t  position until the model 
i s  completely retracted.  

3 .  At this  point, the model may be deployed by placing the control 
switch in the deploy position. 

The following points must be observed when operating the model: 

1. Allow at least  5 minutes for  motor  cooling between each cycle 
of the model. 

2. Keep a hand on the control switch continuously during 
deployment o r  retraction of the model. 

3. Turning off either the control switch o r  the power switch wil l  
stop the model drive. 

4. Always re turn  the control switch to  STOP af ter  reaching a 
l imit ,  and do not toggle the control switch indiscriminately. 

5. The model must be fully re t racted before it can be deployed, 
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PROPOSED TEST P L A N  

Because the completed model of the space station was shipped to 
Langley Research  Center severa l  days ea r l i e r  than was originally intended, 
S&ID was not able to per form many measurements  o r  experime.nts. 
are  a number of experiments that should be performed with the model 
because they could contribute valuable data upon which to base the design of 
the full-scale SDSS. Several  experiments of i n t e re s t  a r e  listed in  this 
section. 
relative importance o r  a prefer red  sequence of the experiments.  

There 

The listing is  not intended to be complete, and i t  does not define 

NUMBER OF ACTUATORS REQUIRED FOR DEPLOYMENT 

In designing the model,  two actuators were  placed a t  each module joint. 
It is  believed that the deployment would sti l l  proceed satisfactorily i f  the 
actuators  were  removed f rom alternate joints.  In performing this experi-  
ment,  the three pa i r s  of actuators  should be completely removed f rom the 
model. 
This should be checked by means of visual inspection of each of the joints 
during the deployment sequence. 

Ca re  should be taken that binding does not occur in  any of the joints.  

This experiment might be varied by removing one actuator f rom each 
joint to determine i f  satisfactory deployment could be accomplished in this 
ma t t e r .  It is  suggested, however, that this variation of the experiment be 
attempted only af ter  considerable experience with model operation has been 
attained. 

ACTUATOR LOADS 

An analytical determination of the loads that would be encountered in 
the spoke and module actuators  was made during the course of the design of 
the l / l 0 - s c a l e  model. 
would be grea te r  or  l e s s  than the calculated loads.  
determine this would consist  of placing s t ra in  gauges a t  appropriate locations 
on the actuator attachment brackets .  
location that would pe rmi t  readings to be obtained throughout the deployment 
cycle; i .  e . ,  they cannot be placed on the moving screws  of the actuators  o r  
in  any s imi la r  location. Readings should be taken throughout the deployment 
cycle. 
during the course of the experiments described i n  the preceding paragraph. 

It was not determined whether the actuator loads 
The experiment to 

The gauges should be placed in a 

It would a l so  be desirable  to measu re  the loads on the actuators  
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SYNCHRONIZATION O F  ACTUATORS 

The actuators that were  installed in the space station model were  
designed to operate a t  a speed that would not va ry  by m o r e  than 2 percent 
among all the actuators.  I t  is realized that the slight difference i n  r a t e  of 
operation may require  that the actuator lengths be adjusted af ter  a cer ta in  
number of deployment cycles.  This assumption has  not been confirmed, 
however. I t  would be desirable  to precisely measu re  the lengths of each 
actuator a t  the beginning and a t  the end of the deployment cycle for  each 
operation. 
indication of when and i f  any actuator might need some adjustment. 
possible that this particular installation of microswitches may prevent any 
significant build-up of e r r o r  in actuator position over a period of time. 
advisability of keeping this log i s  obvious, for the actuator may overrun i t s  
extreme positions before contact is made with the microswitch.  

If a log  of these measurements  were  kept,  i t  would provide an 
I t  i s  

The 

SYNCHRONIZATION O F  SPOKE LENGTHS 

It is believed that i t  w i l l  be necessary  to provide a positive control 
mechanism on the telescoping spokes of the space station. 
analysis has indicated that i t  i s  unlikely that deployment could occur sa t i s -  
factorily without control of spoke lengths. 
the degree of asymmetry  that can be tolerated with respec t  to spoke lengths 
before binding would occur in the joints. 

The kinematic 

I t  would be desirable  to determine 

This experiment could be ca r r i ed  out r a the r  simply by lengthening the 
cable in one spoke by relatively smal l  amounts,  deploying the model,  and 
measuring the loads in each of the actuators.  
lengthened until excessive binding would begin to occur in  the joints. 

The cable could be gradually 

An extreme tes t  would involve the complete elimination of the spoke 
synchronization mechanism. 
fully, because it could easi ly  resu l t  in s t ruc tura l  damage to the model. 

This tes t  would have to be per formedvery  c a r e -  

SYNCHRONIZATION O F  MODULE ACTUATORS 

While i t  i s  obviously desirable  to maintain complete symmetry  of 
deployment in the SDSS, i t  is recognized that there may be occasions when 
symmetry would not be maintained, particularly i f  ac tuators  should be 
mismatched. 
one or  more  module actuators  can be made to operate a t  a lower r a t e  than 
the others.  
actuators can  be delayed for  a prespecified period of t ime. 
loss  in synchronization among the actuators can be var ied to determine what 
l imits  may exist. As in previous experiments ,  i t  would be desirable  to 
measu re  the loads on the actuators during a l l  deployment cycles.  

To determine the degree of asymmetry  that could be tolerated,  

Alternatively, the initiation of the operation of one o r  more  
The extent of the 
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N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

!I. PROBLEM AREAS 

During the six-month feasibil i ty study, severa l  problem a r e a s  in  the 
design and development of the SDSS were foreseen. 
de t rac t  f r o m  the feasibility of the concept; they a r e  simply pointed out a; 
a r e a s  that will require  a greater- than-average amount of attention in  the 
ear ly  phases of a development program. 
a r e a  has  been so defined pr imar i ly  because of a lack of data on that a r e a  o r  
because design detail has not developed to a point where a decision could 
clear ly  be made on an  optimum solution. 
a r e  grouped according to major technical a r eas .  

These problems do not 

In a number of cases ,  a problem 

The problems discussed herein 

VEHICLE DESIGN 

APOLLO DOCKING 

1 
1 
I 
I 
I 
I 
I 
1 

The Apollo Spacecraft  Design group has already considered docking 
f rom the standpoint of vehicle requirements.  
a i r lock,  the clearance of a hinged cover exposing the exit port ,  and cer ta in  
aspec ts  of vehicle lock-on have been investigated. 

Sealing of the Apollo to an 

The exact design of a mating dock to coordinate with Apollo i s  incom- 
A bellows that would embody the features  of a flexible interface may 

A design should be worked out based on velocity c r i t e r i a  
plete. 
be possible.  
of the closing phase of rendezvous, with emphasis on a dock adapter that 
will accept  the vehicle with some residual angle, translation, and closing 
velocity. 

ZERO-GRAVITY DOCKING TURRET 

A t u r r e t  s t ruc ture  capable of being de-spun to zero space accelerat ion 
should be investigated f rom the standpoint of elements which hold the t u r r e t  
in  concentric position over a pressur ized  hub without constraining the tur re t .  
Rol lers ,  i f  used, mus t  rol l  on a raceway that is not sensit ive to changes in  
the diameter  of a hub caused by p res su re  changes inside the hub. Concen- 
t r ic i ty  of motion must  be held to an order  sufficient fo r  passage/dock 
matching af te r  t u r r e t  spin-up. 
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W 

The mater ia ls  used i n  the dr ives  and the dr iven s t ruc ture  mus t  be 
compatible (i. e. , they must  not weld together i n  an  orbital  environment). 
Consideration should be given to the design of a shielded docking facility or  
a completely enclosed logistics vehicle repa i r  facility i f  the need fo r  these 
is established. 

BOOM BEARINGS AND DRIVES 

The same problems of mater ia l  and passage/dock matching that apply 
These booms must  coordi- to the tu r r e t  apply to the Apollo stowing booms. 

nate a t  a sealed interface with a central  dock a t  the top of the t u r r e t  for  
incoming Apollo logistics vehicles. 
stowing Iocations on the tu r r e t  in order  to pe rmi t  a sealed passage way to be 
made between the space station hub and the Apollo logistics vehicle. Drives,  
of course,  must  be operable in  the station environment. 

They must  a l so  coordinate a t  the side 

HUB - TO-MODULE CONNECTIONS 

The folded modules t ransmi t  the s t ruc tura l  loads to the inter  stage 
s t ruc ture  between the space station and the S-11. Rigid connections hold the 
modules together and hold the hub of the space station securely on top of the 
cluster .  
and must  occur without causing damage to the s t ruc ture  of the space station. 

The re lease  of a l l  connections should be a coordinated -operation 

The use  of explosive studs and the u s e  of ini t ia tors  to f r e e  latches 
must  be investigated to a sce r t a in  which re lease  mechanism will be mos t  
suitable and reliable. 

SPOKE EXTENSION 

As deployment occurs ,  the modules fo rm a symmetr ica l  pat tern a t  any 
instant. 
rim and to avoid r e s t r a in t  of the deploying symmetr ica l  system. 

The spokes must  extend a t  a p rec i se  r a t e  to match the expanding 

The l / lO-sca le  deployment model u s e s  a sys tem of cable payout to 
hold the spokes a t  the co r rec t  length. 
c a r r i e s  the weight of the modules. In deploying the space station i n  a zero-  
gravity environment, no forces  except the iner t ia  of the s t ruc tura l  elements 
and the friction between connections will be encountered by the deployment 
mechanism. The deployment of the space station must ,  therefore ,  be 
positively controlled. 
programmed gear dr ives .  Alternatively, a dr ive  with a continuous re ference  
to the symmetry of the space station can be used. 

In this system, the cable always 

Such a control may be obtained through the u s e  of 
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FINAL SPOKE ADJUSTMENT 

The conclusion of deployment and the latch-out of modules could be 
hampered if the spokes became tight tie rods pr ior  to the completion of the 
flare-out.  In such a situation, excessive module actuation forces  could 
occur ,  ei ther because of a poorly-adjusted spoke out stop o r  because of a 
spoke-exteqsion dr ive being out of time stroke. 

To avoid such a geometric stall,  spokes would likely be driven only to 
a position where module actuation could safely take over the extension, leav- 
ing an excess of t ravel  f reedom at maximum extension, and final contraction 
at latch-out. 
of spoke lengths to preload them to geometric symmetry.  

Concentricity of the hub could la te r  be secured by adjustment 

EXTENDED SPOKE SEAL 

In the basepoint configuration, the spokes a r e  open endedand, therefore ,  
unpressurized until deployment is  complete. 
introduced until the airlock doors  on the other side of the interfaces admit it. 
The rigging of spoke t ravel  so that precise  lengths a r e  achieved only after 
deployment means,  then, that face sea ls  a t  the spoke extension joint cannot 
be used because the exact extent of final t ravel  i s  not known. 

Living atmosphere is  not 

Diametrical  sea ls  appear to solve this problem, except that such seals ,  
Such i f  they a r e  positive, mus t  be squeezed between the elements they seal.  

squeezing could conceivably c rea te  sufficient force in  the spoke to r e s i s t  
extension. 
shoulders near the end of t ravel  still  produces resis tance to extension o r  
contraction at a cri t ical  period; i n  short, seal  squeeze pr ior  to complete 
deployment appears  very  undesirable. 

A seal  of this nature that would only be squeezed by annular 

Because latent sea l  squeeze tends to roll  and damage the gland, some 
means of after-deployment activation appears  necessary.  
however, pr ior  to admittance of pressure .  It is possible that a p re s su re  
source could swell a tubular gland and be locked in  to produce permanent 
squeeze and a qualified atmospheric seal. 

This should occur,  

SPOKE SWIVEL SEAL 

Beczuse the p re s su re  door i s  i n  the tubular passage,  tubular passage 
must  remain  connected to the spokes in  three of the six modules as  the 
modules rotate 90" and p r e s s u r e  must be retained a c r o s s  the differential 
rotation. 
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If a squeeze-type diametr ical  sea l  o r  a V packing gland were used, its 

Some so r t  of lip-type gland which seals  on i t s  
res is tance to rotation would exert  a very  high force  on the moving compon- 
ents ,  par t icular ly  the spoke. 
own p res su re  may satisfy the function. 

The r ea l  urgency of this  problem appears  t o  be the producing of a 
relaxed-type seal  that meets  the general ,  stiff station- sea l  requirement,  

EQUIPMENT SUPPORT CONNECTIONS 

Removal of equipment and furnishings f r o m  the proximity of any internal  

Fur thermore ,  the option of not being required to locate supports 
wa l l  of aliving a rea  p re s su re  tank appears  necessary  f rom the standpoint of 
leak repair .  
at f rame and s t r inger  locations only, would permi t  idealized inter ior  
in  st allat ions. 

Allowing such freedom would require  a n  extensive investigation into a 
general  bolt inser t  design, which would take full advantage of the s t ruc tura l  
possibil i t ies present in  double-wall honeycomb p r e s s u r e  vesse ls ,  Not to do 
this  could doubtless expose living atmosphere to  multiple leaks due to fatigue 
and que stionable strength margins.  

SOLAR PANELS 

Boosting a payload with fragile external solar  a r r a y s  secured to the 
stacked modules presents  hazards  to both the a r r a y s  and the s t ruc ture  they 
a r e  secured to. 

This problem appears  significant because of the high weight that could 
be required to  ensure reliability i f  adroit  design methods a r e  not employed. 

STABILIZATION AND CONTROL 

RENDEZVOUS 

It is not known what requirements the rendezvous maneuver would place 
upon the space station. 
any disturbances caused by the impact of the Apollo vehicle fo r  the purpose of 
the self deploying space station study, which assumed that the maximum 
docking e r r o r  that would be encountered is  about 20 inches. 
evidence exis ts  to  substantiate this choice. 
f r o m  the Gemini and Apollo programs in  the near  future.  

DOCKING 

The wobble-damping system must be able to dampen 

However, no 
Information would be available 

The first docking demonstration f o r  Gemini is  awaited. The detail 
design of the supply vehicle stowing car r iage  and the control sys tem require- 
ments  wi l l  be affected. 
difficult to design for. 

Excessive docking impact velocities would be very 
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SPECIFICATIONS 

A wobble-damping requirement f rom human factors  considerations 
should be determined. 
any vehicle pointing accuracy (attitude) requirements other than those 
imposed by the power generation system and supply vehicle docking 
considerations.  

It will a lso be necessary  to determine if  there  a r e  

SEQUENCE OF OPERATIONS 

The sequence of operations f rom orbit  injection to spin-up should be 
defined. 

VEHICLE FLEXIBILITY FORCING FUNCTIONS 

These functions - vehicle response,  stability effects (on automatic 
sys tems , damping through s t ructural  energy dissipation) , st ructural  fatigue, 
a n d  human  fac tors  - m-ust be d e f i ~ e d  to  proceed with a detailed systc;rl 
analy s is . 

INITIAL SOLAR ACQUISITION 

It is not known whether a pilot-controlled maneuver would provide 
sat isfactory init ial  orientation of the space station with respect to  the sun. 
Even i f  the pilot can pe r fo rm this function, satisfactory trade-off studies 
should be made of the desirabil i ty of including some type of automatic sys tem 
as e i ther  a p r imary  o r  a secondary mode of operation. 

PREBOOST BALANCE 

A method for obtaining suitable static and dynamic balance of the 
station p r i o r  t o  launch needs t o  be determined. 
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HUMAN FACTORS 

The ma jo r  human factors  problem is the manning and training require-  
ments  f o r  the space station personnel. 
probably form part  of the ear ly  SDSS crews.  
ear ly  date to define the selection and training requirements f o r  these 
personnel. 
s imulator  requirements in that these i tems should be available well in 
advance of SDSS activation. 

Non-Apollo qualified c rews  will 
Study should be initiated at an 

Par t icu lar  attention should be given to  facility and training 

A space station simulation facility, such as current ly  under study by 
S&ID, should be of value in solidifying the type of r e sea rch  and additional 
facilities needed in support of the SDSS development program. 

Research should be initiated immediately to  determine easy-to-use 
techniques that will desensit ize people to rotation f o r  a predictable duration. 

A bet ter  description of the scientific o r  other missions planned fo r  the 
SDSS would permit  a bet ter  job being done on the manning and training 
r e  qui r em ent s study . 

1 
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STRUCTURES 

The following loading environment should be fur ther  investigated: 

1. 

2. 

3 .  

4. 

Boosting t rz jec tor ies  for  the Saturn C-5 configuration with the 
space station payload. Time his tory of maximum dynamic 
p res su re ,  iner t ia  load factors ,  altitude and corresponding 
temperature  environment data a r e  necessary  f o r  a more 
optimized packaged design. 

Increasing development loads for the optimized kinematics 
system. 

Study of Apollo docking loads. 

Study of the space station weight contents. 

In addition to the loading environment, a number of other factors  
related to  the s t ruc tura l  analysis should be given additional emphasis.  
These include: 

1. 

2. 

3 .  

4. 

5. 

Study of the stiffness c r i te r ia  of the space station during boost, 
orbi ta l  flight, etc. 

Analysis of the support arrangement  connecting the modules to the 
thrust  s t ructure  and central  hub t o  select  the optimum design of 
the space station in  the packaged configuration. 

More detailed analysis of support arrangement  of the docking 
t u r r e t  after loads c r i t e r i a  is established. 

Conducting weight trade-off studies of the module joints t o  
select  the recommended design. 

Performing additional work on meteoroid penetration 
phenomena to fur ther  refine the meteoroid bumper. 
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COMMUNICATION SYSTEM 

DELINEATION OF EXPERIMENTAL PAYLOAD 

The major  portion of the communication system capability will  be 
utilized in t ransfer r ing  the experimental  data to using agencies on ear th .  
The availability of information concerning the experimental  data would 
therefore  facilitate the operations planning and the communication system 
design. Interesting fea tures  of the data a re :  format  (analog o r  digital) 
bandwidth (or  bit r a t e ) ,  duty cycle, required accuracy,  signal level,  and 
urgency of delivery. 

ON - BOARD PR OC ESS ING 

The space station is expected to have diverse  experiments requiring 
varying amounts of on-board processing. Some data will require  only 
s torage ,  whereas  other experiments will  requi re  on-board data editing, 
compaction, and even complete reduction. An investigation should be 
conducted to ascer ta in  the effectiveness of var ious on-board data pro-  
cessing schemes in enhancing the overall  capability of the station. 
t icular  emphasis  should be placed upon the determination of the m o s t  
advantageous application of on-board computer systems.  

Par- 

RELIABILITY 

The space station communication system will  be far m o r e  complex 
than any previous space-borne system, and will  employ replacement and 
maintenance techniques to enhance system reliability during the one -year  
mission. 
techniques and verification test programs de signed specifically for a 
sys tem of this type. 

Studies should be planned to develop reliabil i ty prediction 

WIDE-BAND RECORDING TECHNIQUES 

The space station is expected to  require  recording of data having 
information bandwidths of 1 to 5 mc. To provide t ime compression it would 
be desirable  to  have read-out r a t e s  in excess  of these ra tes .  P re sen t  wide- 
band r eco rde r s  are capable of the recording ra te  but no t ime compression is 
available. In addition, these units a r e  complicated and possess  l imited 
recording flexibility. 
capabilities of magnetic tape recorders  o r  of employing one of the newer 
techniques should be made.  (Thermoplastic recording i s  considered the 
most  promising).  

Investigation of the possibility of extending the 
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POWER SYSTEM 

SOLAR CELL MATERIALS AND MANUFACTURING TECHNIQUES 

A comparison of silicon, gallium arsenide ,  cadmium telluride,  and 
thin film cel l  manufacturing techniques should be made. 
required to reduce the cost  of the so la r  cel ls  and ensure the availability 
of sufficient quantity and quality in the required t ime period. 

This effort is 

SOLAR CELL PANEL DESIGN 

To get the maximum power f rom the so la r  cel l  a r e a ,  concentrator 
techniques, spectrically reflective f i l t e rs  , and thermal  control techniques 
should be studied, and a n  optimum design selected. 

ENERGY STORAGE 

The life of the energy storage subsystem will  be one of the factors  
which determine the active life of the space station. A charge-discharge 
cycle equivalent to one year  of orbital  life is within present  possibil i t ies,  
but a three-year  cycle is quite difficult to maintain. Regenerative fuel 
cells and bat ter ies  (such a s  nickel-cadmium) should be thoroughly inves - 
tigated to determine their  cycling capabilities. 

POWER GROWTH CAPABILITY 

Almost every  a i r c ra f t  developed has  had the character is t ic  of a 
la rge  increase  in  power demand late in the development program,  and 
it is possible the power demands of the space station will grow beyond 
economical utilization of so la r  cells .  
power such things as an  oxygen regeneration sys tem,  increased power 
for laboratory experiments ,  etc. ,  should be made. This could possibly 
be a so lar  dynamic system attached to the center  hub of the space station. 

A study of the space station to 

ENVIRONMENT CONTROL AND LIFE SUPPORT 

Integration of the various subsystems into a workable system suit-  
able for the vehicle is always a pr ime consideration. 
c lose coordination with the subsystem development contractor by various 
groups within NASA and other agencies. The specific problem a r e a s  for  
var ious aspec ts  of the Life Support Systems a r e  l isted on the following 
pages.  

It will  require  
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ENVIRONMENTAL CONTROL 

Establishment of air conditioning comfort  zone pa rame te r  values for  
extended occupancy a t  reduced p r e s s u r e  a tmospheres ,  and in gas mixtures  
having a high concentration of oxygen 

Establishment of the duty schedules,  work  activity levels ,  and 
metabolic ra tes  for  the c rew under low gravity conditions 

To develop sealing methods to minimize air leakage f rom the vehicle 
through permanent joints (mobile junctures) ,  and through reusable  joints,  
such as a i r  locks and docking facil i t ies 

I 
8 
1 

Evaluation of air leakage due to meteoroid puncturing and methods 
of patching o r  repair  and to determine other hazards  of meteoroid pene- 
tration 

To determine the effects of erosion due to micrometeoroid encounters 
on the vehicle surface and the space radiator  surface and to evaluate the 
erosion resis tance of temperature  controlling coatings o r  surface p repa ra -  
tions 

To evaluate explosion o r  burning hazard  due to meteoroid penetration 
into chambers  a s  a function of par t ic le  s ize ,  chamber s ize ,  oxygen con- 
centration, and total p r e s s u r e ,  and relate  to probability of encounter for  
average and meteor  shower conditions. 
of proximity to flammable mater ia l s  and flash burn effects on eyes 

To determine hazards  as a function 

To study the effects of s t ructure  insulation to control heat  l o s ses ,  
eliminate condensation on wal ls ,  provide sound abatement,  and reduce 
nuclear radiation 

To study the methods of s torage,  resupply, distribution, and handling 
of pressurizing gasses ,  whether liquid, supercr i t ical  gas ,  o r  high-pressure 
g a s  

Evaluation of a tmospheric  contamination and requirements  for 
minimizing the sources  

To develop a sys tem and analysis procedure for  a flyable t race  
contamination removal  system. 
f rom the space station atmosphere and the ra te  of build-up to the maximum 
allowable concentration 

To determine compounds not eliminated 
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To establish a space radiator design for  a high reliability, light- 
weight, multi-sectionalized system with coolant flow diversion 

To establish a sys tem control to prevent coolant freezing in a space 
r ad ia to r ' s  unused section 

Development of a regenerable C02 absorber  system including valves,  
vacuum vents,  etc.  , to provide reliable operation for long l ife,  with a 
study which should include comparison between sys tems using and those 
not using air d r y e r s  such as silica gel 

To investigate C 0 2  reaction methods for  recovering oxygen and p ro -  
viding a minimum of unusable waste products,  while requiring low power 
consumption to be used for  long duration space missions.  
this study the membrane electrodialysis process  

To include in 

To evaluate oxygen recovery methods such as ,  e lectrolysis  of excess  
metabolic water  o r  surplus  water  supply, to produce some of the needed 
oxygen for  iong duration missions.  To establish a pract ical ,  high-reliability 
sys tem suitable for ze ro  and low g operations 

To evaluate requirements  o r  alternative means for long-term st0rag.e 
of low-temperature liquids and gasses .  
mal control methods 

To determine insulation and ther - 

To develop valves for venting to vacuum and resealing to  provide a 
leak-proof c losure.  
r a t e s  

Applications to include uses  having low-to-high usage 

Development of electronic equipment cooling installation adaptable 
to d i r ec t  connection to the coolant c i rcui t  and the space radiator.  
evaluate a comparison between liquid and gas system 

To 

To develop o r  apply water-recovery p rocesses  to water  usage 
requirements  for laboratory o r  other processing to be used aboard the 
vehicle,  other than Life Support Systems. To compare the recovery 
requirements  and system cos ts  with the washing and potable requirements  
fo r  LSS 

Stowage, discharge,  o r  other handling of process  was tes  f rom 
lab o r  a to ry  ope rations 

To establish instrumentation requirements  and develop suitable 
detection and control equipment to maintain the operation of the 
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Environment Control System and Life  Support Systems.  
instruments for par t ia l  p r e s s u r e  of oxygen, carbon dioxide, and t r ace  
gasses  (including unexpected types) should be considered 

Measuring 

Development of testing procedures  and equipment to establish quality 
control for the space borne components and subsystems 

Long t e r m  steri l ization of potable water  

To study the use of 80  percent ,  o r  higher ,  purity-hydrogen peroxide 
a s  a source of oxygen, power,  and subsequently, water  for fur ther  e lec-  
t rolysis  to oxygen 

To investigate the use  of glycol coolant (and other equivalent f luids) 
to evaluate the composition, and corrosion and phase charac te r i s t ics  as  
functions of temperature  and pumping charac te r i s t ics  

WATER MANAGEMENT 

In the general  a r e a  of water  reclamation, studies a r e  required for  
development of continuous recovery systems with low power drain. 
offs on utilizing individual subsystems for potable water  f rom dehumidifi- 
cation system wa te r ,  wash water  - o r  be t te r ,  f rom urine and wash water  
(singly o r  combined) - fecal water ,  and food preparat ion water  waste  have 
to be reviewed. Systems should be designed and rigorously tested for  the 
mechanical,  chemical and, especially,  for the bacteriological aspec ts  of 
long t e rm operation. 

T rade -  

Present ly  available vapor compression sys tems need evaluation for  
long-term service and maintenance requirements ,  odor and contaminant 
build up, and space contamination, if space vacuum i s  to be utilized in  
any pa r t  of the process .  
with respec t  to the accelerat ion and vibration fo rces ,  remains  to be proven. 
A fur ther  development points to continuous system , smal le r  weight, and 
smal l  power drain.  
compressor .  

Fu r the rmore ,  the suitability of present  sys t ems ,  

This m a y  come about with improvements in the 
Other studies a r e  needed to: 

1. Determine the procedures  and t reatment  necessary  for  water  
was tes ,  s torage,  and collection for a ze ro  o r  low G application 
to prevent clogging of l ines and harmful  bacter ia  growth 

2 .  Develop methods for long t e r m  steri l ization of potable and 
human cleansing water  and s torage containers 
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3. 

4. 

5. 

6 .  

7.  

a. 

Develop methods for recovery of usable water  f rom the waste  
liquids, and separation of the unusable wastes .  
ment  and storage for  the sys tem's  products 

Provide t rea t -  

Devise precautionary measu res  to prevent contamination of the 
purified water  from any of the normal  inputs of impure water  
during normal  system operation, and in event of a malfunction 
in the system 

Develop instrumentation for  presentation of system monitoring 
information and for determining the purity of the water  supply 

Development of a suitable water  separa tor  to remove and coalesce 
entrained water  

Investigate effects of mater ia l s  and fabrication methods relative 
to providing and maintaining the purity requirements  for the 
water  in  the Life Support Systems 

Investigate the electrolysis of water  methodology to further 
development of a continuous generation of oxygen and hydrogen 
at  low gravity (1/4 to 1 / 3  g) conditions. 
to  operate at ze ro  g condition; nevertheless ,  the gas separation 
will  need investigation along with need for  additional circulation 
of the electrolyte.  

It may  not be necessary  

WASTE MANAGEMENT 

A r e a s  requiring fur ther  study within this subsystem a r e  the collection 
devices,  pretreatment  and storage for  ur ine,  for  feces  ( temporary o r  long 
t e r m ) ,  fo r  wash water  and fo r  food and other  miscellaneous wastes.  

Cr i t ica l  a r e a s  would include overal l  contamination and odor control, 
s ter i l izat ion of waste  fluid sys tems,  and sani tary disposal (cold s torage,  
incineration, s ter i l ized overboard discharge)  of any and all was tes ,  with 
minimum power consumption. 

PERSONAL HYGIENE 

Prob lem a r e a s  he re  include the methods for personal  cleansing and 
bathing, availability of hot water ,  the types of cleansing agents compatible 
with water  reclamation p rocesses ,  and steri l ization and decontamination 
of personal  hygiene equipment. The general  problem of suitable clothing 
(disposable o r  non-disposable type) and the associate\d laundering will  need 
fur ther  study. 
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An important adjunct, the dispensary,  will  need fur ther  development 
a s  to type of medicinals and f i r s t  aid i t ems  f o r  minor  accidents.  
should be suitable instructions for  handling corpses  in case  of death. 

There  

FOOD MANAGEMENT 

The problems in the a r e a  of food management,  including s torage ,  
have been reasonably resolved for orbiting and space vehicles having shor t  
durations; however, studies should be conducted f o r  extending coverage to 
long duration missions and to integrating the system with those of water  
management, waste management, personal  hygiene, and the environment 
control system. Effects of diet  on the psychology, as well  a s  physiology, 
of the crew should be determined. The use  of non-residue foods, as  
planned for the short  t e rm miss ions ,  would seem to be illogical for  one 
year missions.  
scr ibed,  or natural  environment long-term fasting should be reviewed for 
incorporation with applicable methods for space stations and other long- 
range duration missions.  
associated with long t e rm storage of foods under space station conditions. 
The development of multipurpose containers for s torage,  reconstruction, 
and subsequent disposal of food waste i s  desirable .  

The pract ices  of religious,  a s  well  a s  medically p r e -  

There a r e  seve ra l  miscellaneous problems 

Methods for detection of microbial  agents in food deteriorating in 
Emergency food supplies and drinking storage may be a l so  necessary.  

water  a r e  currently available,  and should not pose difficulties. 
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A PPE N D IX 

A complete s e t  of 

DESIGN DRAWINGS 

he detail design drawings on he l/lO-scale model of 
the SDSS is included in this section. 
indicate that cer ta in  drawings are missing; however, this discrepancy is due 
to  the method used in assigning drawing numbers .  

The numbering sequence appears  to 

The following drawings 
a re  included: 

Drawing No. 

7103-50 

7103-51A 

7 1 03 -5 2A 

7103-54 

7103-56 

7103-58 

7103-59B 

7103-60 

7103-61 

7103-62 

7103-66 

7103-67 

7103-68 

7103-69 

7103 -70 

7103-71 

7103 -72 

7103-73 

7103-74 

7103-75 

Title 

Complete Assembly 

Rim Module Assembly 

Assembly - Spoke 

Stand Assembly - Support 

Mechanism Installation - Hub 

Link Installation - hlodule Hinge 

Base  Assembly - Hub 

External Fair ing - Hub 

Cage Assembly - Hub Mechanism 

Sling Assembly - Support 

Hanger Assembly - Hub Suspension 

Bracket - Spoke Extension Spring 

Spring - Spoke Extension 

Hanger - Spoke Extension Cables 

Keeper - Spoke Extension Cables 

Bracket  Installation Spoke Extension Cable 

Bracket  - Spoke Extension Cable 

Cable Assembly - Hub Suspension 

Cable Assembly - Spoke Extension 

Stud - Hub Suspension Cable Attach 
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Drawing No. 

7 103 -76 

7103-77 

7103 -78A 

7103-80 

7103 -86 

7 103 -88 

7 103 -90 

7103-100 

7103-101 

627W52 

627W52A 

Title 

Bolt - Spoke Extension Adjusting 

Switch Installation - Module Actuator 

Rework Drawing - Module Actuator Fit t ing 

Switch Installation - Spoke Actuator 

Rework Drawing - Rim Module Spoke Swivel 

Sketch - Model Payload Adapter Fa i r ing  

Specification Drawing - Base  Mounted Hoist 

Control Console - Schematic Wiring Design 

Logic Diagram - Control Console 

Actuator - Linear  Electr ical  (Outline) 

Actuator - Linear  Electr ical  (Detailed) 
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